Hip fractures are a significant cause of both morbidity and mortality. Estimates of associated mortality are reported between 5% and 10% at 30 days after surgery and 12% and 37% at 1 yr. 1 In the UK, there are around 70 000 hip fractures a year with an associated economic burden of £1.4 billion. 2 This figure will increase with an ageing population, indeed figures estimate that the incidence of hip fracture could reach 21 million worldwide by 2050. 3 Given this significant morbidity and mortality, considerable effort has focused on identifying best practice in the perioperative management of these patients. Operative delay is one factor that has been clearly shown to influence postoperative morbidity and mortality. Shiga and colleagues 1 demonstrated that operative delay beyond 48 h after admission increased 30 day all-cause mortality by 41% and 1 yr allcause mortality by 32%. A review of 52 published studies claimed a more modest association between operative delay and increased mortality but a clear association with increased morbidity, 4 although the causes of operative delay were not identified. One possible cause was concern regarding bleeding in patients taking antiplatelet therapy, particularly the thienopyridine clopidogrel. Clopidogrel combined with aspirin is of proven benefit in the secondary prevention of cardiovascular and cerebrovascular events. 5 6 It is also the prophylactic regimen of choice in patients with coronary stents.
aspirin and clopidogrel and presenting with hip fractures has increased. Withholding clopidogrel perioperatively and delaying surgery is common, although there is a wide variation in practice. 8 9 This practice results in a clinical dilemma: the concerns of perioperative bleeding must be balanced against the cardiovascular risks of stopping antiplatelet medication, particularly when thrombogenesis is likely. We sought to investigate the influence of the perioperative management of clopidogrel therapy on in-hospital cardiac morbidity and the association with in-hospital transfusions.
Methods
Approval was obtained from the Quality Improvement Committee of the Royal Perth Hospital (RPH), Australia, and from the RPH ethics committee as a quality improvement activity. A retrospective review of all patients aged .60 yr admitted to the RPH, a large tertiary teaching hospital, with hip fractures between June 2005 and November 2008 was conducted. These patients were identified from a contemporaneous database kept by the Department of Orthogeriatrics. Patients prescribed regular clopidogrel therapy on admission were identified and their notes recalled and examined.
Data collected included age, sex, and ASA. Cardiovascular risk factors were hypertension, congestive cardiac failure, ischaemic heart disease, cerebrovascular disease, diabetes mellitus, and myocardial infarction within the previous 6 months. The perioperative management of clopidogrel and any aspirin therapy was recorded. Preoperative blood results including International Normalized Ratio, activated partial thromboplastin time, haemoglobin concentration, platelet counts, and urea were recorded. Days from admission to surgery, total length of stay, and method of anaesthesia were ascertained. Transfusion details included total units transfused before, during, and after surgery. Plasma tropinin concentrations were determined using the ARCHITECT STAT Troponin-I assay (Fisher Diagnostics, Middletown, VA, USA). Coronary ischaemia (acute coronary syndrome, ACS) was defined as an increase in plasma troponin concentrations .0.04 mg litre -1 in association with clinical symptoms or signs of coronary ischaemia, ischaemic ECG changes, or both. Clinical signs included chest pain, breathlessness, and signs and symptoms consistent with congestive cardiac failure (documented as dyspnoea, basal crepitations, or heart failure).
Statistical analysis
Reduced cubic spline transformations were applied to logistic regression models to examine the change in risk over time since clopidogrel was withdrawn. Cubic splines are smoothed functions bounded by cut points known as knots. The fit of the cubic spline is largely dependent on the number of knots chosen, with the recommended number relative to sample size. The spline process divides the data into sections based on the number of knots specified, three in this study, fits the best line to the data without requiring the line to be straight, and then smoothes the connections between the sections. The cubic splines were used to identify the pattern of risk (illustrated in plots) and to then inform the choice of categories used in the regression models. 10 Logistic regression models, including age and sex, were then developed to obtain age-and sex-adjusted estimates of odds ratios (ORs) for time off clopidogrel and the outcome. The study sample size did not facilitate the inclusion of co-morbidities in the regression models. The primary outcome was length of time off clopidogrel and association with ACS; the secondary outcome was association with total blood transfusions.
Data were analysed using the following statistical packages: Stata 11 and R. 12 
Results
Of the 1381 older patients admitted with hip fractures, 114 were receiving regular clopidogrel therapy ( Table 1 ). The incidence of ACS varied according to the specific cardiac co-morbidities (Table 2) . Of these 114 patients, 111 (98%) had their clopidogrel therapy stopped on the day of admission, although the interval to surgery, length of stay, and duration without clopidogrel varied (Table 3) . In 104 patients, clopidogrel therapy was indicated for the secondary prevention of cardiovascular events, in four patients, therapy was indicated for the primary prevention of coronary stent thrombosis, and in the remaining six patients, the indication for clopidogrel therapy was unclear from the notes. There were no acute coronary events in the four patients taking clopidogrel for the primary prevention of stent thrombosis. Thirty-four patients were receiving dual clopidogrel and aspirin therapy on admission, 25 of whom also had their aspirin therapy withheld in the perioperative period. Eleven of these 34 patients (32%) suffered an ACS, seven (28%) having stopped both aspirin and clopidogrel therapy.
In the 25 patients who underwent surgery under spinal anaesthesia, the median [inter-quartile range (IQR)] time off clopidogrel was 3 (1 -5) days. In addition, eight of these patients were prescribed dual therapy with aspirin on admission. There were no reported cases of spinal haematoma.
Results of the reduced cubic spline transformations investigating the peak risk for an acute coronary event against the length of withdrawal of clopidogrel therapy perioperatively are shown in Figure 1 . The reduced cubic spline transformation investigating the odds of requiring a blood transfusion both intraoperatively and after operation, against the length of clopidogrel withdrawal before operation, is shown in Figure 2 . The figures demonstrated a peak risk for ACS between days 4 and 8 after clopidogrel withdrawal. Investigation of the risks of clopidogrel withdrawal for 4-8 days perioperatively, compared with all other patients and adjusted for both age and sex, found the OR [95% confidence interval (CI)] for ACS as 6.7 (1.7 -25.8) (P¼0.006) ( Table 4 ). The risks of requiring a blood transfusion during or after surgery against the length of clopidogrel withdrawal before operation (days) peaked at day 1. Investigation for the risk of blood transfusion between days 0 and 1, compared with all other patients and adjusted for age and sex, found the OR (95% CI) for transfusion as 2.31 (1.02 -5.21) (P¼0.044) ( Table 4) .
Discussion
In this retrospective, observational study, we found that the management of clopidogrel in older patients with hip fractures was significantly associated with cardiac morbidity, with a peak risk between days 4 and 8 after withdrawal of clopidogrel. There was also a significant association between the length of preoperative withdrawal of clopidogrel and requirements for blood transfusion before and after surgery, with peak risk at day 1.
The association between delays to hip fracture surgery and morbidity and mortality is well established. Accordingly, national guidelines advise that surgery should be performed as soon as the medical condition of the patient allows. Indeed, operations within 36 h of hip fracture are now markers of best practice in the UK. However, this association between delays to surgery and morbidity and mortality has led many to hypothesize that delays are merely a marker of significant co-morbidity and that increased morbidity and mortality is therefore to be expected. To our knowledge, detailed examination of specific medical causes resulting in operative delays, and their association with postoperative morbidity, has not previously been conducted. We found that preoperative withdrawal of clopidogrel therapy was commonplace (98%) during the study period, 2005 -8. The median duration of cessation of clopidogrel before surgery was 2 days, and the median length of time clopidogrel was restarted after surgery was 3 days. There is little logic in pharmacological terms to this practice. Clopidogrel is a non-competitive, irreversible, inhibitor of platelet ADP P2Y 1,2 receptor, resulting in a 40-70% reduction in platelet aggregation lasting 7 days. 16 When prescribed at 75 mg once daily, the onset of clinical action ranges from 3 to 5 days, whereas at 400 mg, therapeutic levels are achieved in 2-5 h. 17 Therefore, withholding clopidogrel for 2 days before and 3 days after surgery, then restarting at a dose of 75 mg daily, potentially leaves patients with a peak reduction in the antiplatelet effect between days 5 and 10. We found that cardiac morbidity peaked in those patients off clopidogrel for a duration of 4-8 days. The cause for this peak incidence is likely to be multifactorial: the stress response to both the initial trauma and the corrective surgery resulting in a hypercoagulable state; patient immobility and a rebound increase in platelet function secondary to the abrupt withdrawal of antiplatelet medications. 18 It has been demonstrated recently that outcome from myocardial infarction is worse in patients recently withdrawn from antiplatelet therapy. 19 It is therefore desirable to maintain antiplatelet therapy during this hypercoagulable perioperative period in patients at risk. However, preparation for intraoperative bleeding is also important. An association between shorter preoperative withdrawal of clopidogrel and It is interesting to note that 25 patients received spinal anaesthesia, with no reported cases of spinal haematoma. The median (IQR) time off clopidogrel in these patients was 3 (1-5) days. Eight of these patients were also prescribed dual therapy with aspirin on admission. Until recently, most authorities have advised stopping clopidogrel 7 days before neuroaxial anaesthesia, 22 yet little or no evidence exists that clopidogrel alone increases the risks of vertebral canal haematoma. 20 Furthermore, a recent case series reported the uneventful performance of neuroaxial techniques in patients taking clopidogrel, with no associated complications 23 and new guidelines suggest that epidural or spinal anaesthesia is not contraindicated in patients receiving clopidogrel monotherapy. 20 However, dual antiplatelet therapy with aspirin and clopidogrel remains a contraindication. There are several limitations to this study. Despite identifying 1381 older patients with hip fractures over a 3 yr period, only 114 patients were on clopidogrel therapy on admission. The small sample size dictates that these results must be interpreted with caution, and the CIs for the risk of ACS are wide. A larger study would have facilitated the inclusion of co-morbidities in the regression models. Recording of preoperative creatinine would have allowed calculation of Lee's Revised Cardiac Risk Index; the association with ACS could then have been investigated. Significantly, the study is retrospective and does not necessarily prove that clopidogrel discontinuation causes ACS. There may be other reasons for the associations seen including differences between the populations discontinuing clopidogrel for shorter and longer periods of time. It is possible that patients restarting clopidogrel earlier had fewer medical problems and were operated upon earlier, but this does not explain why the risk peaked at days 4-8. The investigators were also unblinded when interrogating the notes for evidence of acute coronary events, risking the possibility of recall bias. The prescription of thromboprophylaxis was also not recorded; however, hospital policy advised the prescription of enoxaparin in all hip fracture patients, unless specifically contraindicated. Finally, a comparator group, not on clopidogrel therapy on admission, is planned for future analysis.
In conclusion, we found that withholding antiplatelet therapies during the perioperative period was associated with an increased risk of ACS. The data support a change in practice towards continuing antiplatelet therapy perioperatively, unless clearly contraindicated.
